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Introduction
The developing vertebrate retina is an excellent model for unraveling the mechanisms by which the remarkable diverse cell types of the adult central nervous system (CNS) are generated from the seemingly homogeneous pool of multipotent neural progenitors found in the embryo. The mature vertebrate retina is composed of six major types of neurons and one type of glial cell (Müller glia), which constitute three cell layers: retinal ganglion cells in the ganglion cell layer (GCL); horizontal, amacrine and bipolar interneurons, and Müller glial cells in the inner nuclear layer (INL); cone and rod photoreceptors in the photoreceptor layer or the outer nuclear layer (ONL) (Dowling, 1987; Wassle and Boycott, 1991) . During retinogenesis, these seven cell types arise from a common population of retinal progenitor cells (RPCs) in an evolutionarily conserved temporal order, although the duration of differentiation and the ratio of mature cell types vary considerably among different species (Harman and Beazley, 1987; Rapaport et al., 2004; Young, 1985) . The early-born retinal cell types are the retinal ganglion cells, cone photoreceptors, GABAergic amacrine cells and horizontal interneurons. Late-born cell types consist of the bipolar cells, the glycinergic and non-GABAergic non-glycinergic (nGnG) amacrines, and the Müller glia (Cherry et al., 2009; Kay et al., 2011) . Rod photoreceptors, which comprise the majority of cells in the mouse retina, are born throughout the period of retinal neurogenesis, with their generation peaking in the first days of life (Carter-Dawson and LaVail, 1979; Morrow et al., 1998; Young, 1985) . The current model for retinogenesis suggests that RPCs undergo a series of gradual and unidirectional changes in their competence to give rise to different retinal cell types.
Current results suggest that this competence depends on intrinsic differences among RPCs that change over time, as well as stochastic effects that are at least partly mediated by extrinsic cues such as the Notch/Delta signaling (reviewed in (Cepko, 2014; Xiang, 2013) ).
The paired and homeodomain transcription factor (TF) Pax6 is important for normal development of the CNS and pancreas. Moreover, it is required for eye formation in all animal phyla investigated to date, and is necessary and in some cases also sufficient to induce formation of a diverse set of ocular cell types (reviewed in (Cvekl and AsheryPadan, 2014; Shaham et al., 2012) . Removal of Pax6 from early RPCs using the αCre-transgenic line revealed a cryptic divergence of RPCs into two qualitatively different progenitor pools. In more peripheral RPCs, Pax6 prevents premature activation of photoreceptor differentiation by inhibiting expression of the homeodomain TF Crx, which is required for terminal differentiation and survival of photoreceptors and is one of the earliest selective markers of photoreceptor precursors (Chen et al., 1997; Furukawa et al., 1997) . More centrally, Pax6 ablation leads to the exclusive generation of GABA + amacrine interneurons, with no other retinal cell types formed (Marquardt et al., 2001; Oron-Karni et al., 2008) .
Several alternatively spliced retinal isoforms of Pax6 have been identified, and three of these have been functionally investigated: the canonical variant that encodes both paired domain and homeodomain, the Pax6(5a) splicing variant that includes intron 5a within the paired domain, and an isoform that lacks the paired domain entirely (Pax6ΔPD) (Shaham et al., 2012) . The expression patterns of these Pax6 isoforms, along with the phenotypes of human patients carrying mutations in splicing sites and misexpression studies in avian embryos (Azuma et al., 2005; Hanson et al., 1999; Lakowski et al., 2007; Singh et al., 2002; Vincent et al., 2004) , all suggest that these isoforms of Pax6 play distinct roles in retinal development. Despite progress in our understanding of how Pax6 regulates early retinal development, we know very little about how Pax6 functions during later stages of retinogenesis.
Here, we conducted gain-and loss-of-function analyses of Pax6 in postnatal mouse retina to directly address its roles in late RPCs. Pax6 was found to be essential for generating late-born glycinergic amacrine cells, along with most bipolar cell subtypes.
Furthermore, as is the case in the early peripheral retina, Pax6 actively repressed expression of Crx. Overexpression of Pax6 greatly increased the fraction of amacrine cells expressing the nGnG subtype marker Satb2, suppressed generation of both glycinergic amacrine cells and bipolar interneurons, and disrupted rod photoreceptor morphogenesis. This study provides novel insight into the gene-regulatory networks controlled by Pax6 in postnatal retina, and demonstrates both parallels and differences between its function in early and late stages of retinogenesis.
Materials and Methods

Mouse lines
The Pax6 lox allele contains loxPs flanking the initiator ATG and exons 4-6 encoding the paired domain (Ashery-Padan et al., 2000) . The Pax6 lox/+ were bread with ICR for 10 generations and then bread to obtain Pax6 lox/lox mice employed in the study as compared with pups of ICR mice. All animal work was conducted according to national and international guidelines and all efforts were made to minimize suffering. The protocol was approved by the Tel Aviv University institutional animal care and use committee (IACUC permit: M08092).
Immunofluorescence
Immunofluorescence analysis was performed as described previously (Farhy et al., 2013) . The following primary antibodies were used: rabbit anti-Ccnd3 (1:100, SC-182, Santa Cruz), rabbit anti-Crx (1:400; kind gift from T. Furukawa), goat anti-GFP
(1:1000; 600-101-215, Rockland), rabbit anti-GFP (1:500; A6455, Invitrogen), mouse anti-Pax6 (monoclonal, 1:25; SC-32766, Santa Cruz), rabbit anti-Pax6 (polyclonal, 1:400; Prb-278p, Covance), PNA (1:200, FL-1071, Vector), rabbit anti-recoverin
(1:1000; AB5585, Millipore), rat anti-rhodopsin (1:1000; kind gift from M. Applebury), mouse anti-Satb2 (1:100; AB51502, Abcam), rabbit anti-Sox2 (1:500, AB5603, Chemicon), mouse anti-syntaxin (HPC-1, 1:400; S0644, Sigma), sheep anti-Vsx2
(1:1000; X1180P, Exalpha).
Misexpression constructs, in vivo electroporation and statistical analyses
The following plasmids were used for electroporation: pCAG-Cre (Addgene repository ID: 13775 (Matsuda and Cepko, 2007) ), pCALNL-GFP (Addgene repository ID: 13770 (Matsuda and Cepko, 2007) ), pCAG-GFP (Addgene repository ID: 11150 (Matsuda and Cepko, 2004) ). Pax6 constructs were cloned into pCAG-GFP plasmid.
In vivo injection of expression constructs and electroporation were performed on male and female pups as previously described Cepko, 2004, 2007) (Young, 1985) . Pax6 deletion in Cre-GFPexpressing cells was verified by co-immunostaining with an antibody against GFP and a monoclonal antibody against the N-terminus of Pax6 protein, which includes the region of Pax6 that is deleted following Cre activation (Ashery-Padan et al., 2000; Raviv et al., 2014 (Fig. 1F ). We did not observe an obvious change in photoreceptor morphology or localization following deletion of Pax6 (Fig. 1C,E) , and the majority of GFP positive cells in the ONL were positive for the rod marker rhodoposin and negative to the cone marker PNA ( Figure S1 ).
We next characterized the differences in cellular composition of INL lineages in (Fig. 2) by co-immunostaining analysis using the following cell type-specific markers: amacrine cell-specific syntaxin ( Fig. 2A,D) , bipolar cell-specific Vsx2 (Fig. 2B,E) , and Müller glial-enriched Sox2, when expressed in cells with radial morphology (Fig. 2C,F (Marquardt et al., 2001) .
Pax6 is required for the generation of glycinergic amacrine cells
Inactivation of Pax6 in early-stage RPCs results in the excess generation of GABAergic amacrine cells, but blocks the formation of glycinergic and nGnG cells (Marquardt et al., 2001; Farhy et al., 2013) . These latter two amacrine cell-types are born during late stages of retinogenesis (Cherry et al., 2009; Kay et al., 2011) and their absence following early loss of Pax6 could be secondary to the early depletion of RPCs.
We therefore aimed to characterize the amacrine subclasses generated upon late 
Overexpression of Pax6 variants alters amacrine subtype specification and disrupts rod photoreceptor differentiation
These loss-of-function studies revealed that Pax6 is required in the postnatal retina for generation of bipolar cells, constrains amacrine and glia cell generation, and controls amacrine cell subtype specification. To further investigate the ability of major Pax6 isoforms to control cell-fate specification during late stages of retinogenesis, we electroporated bicistronic constructs ( We next performed a quantitative analysis of the INL cell types generated from the electroporated cells (Fig. 4, Fig. S2 ). Of the GFP + cells in the INL of retinas electroporated with the pCAG-GFP control plasmid, 51.7 ± 4.5% co-expressed syntaxin, 20.4 ± 2.7% co-expressed Vsx2 and 14.9 ± 3.1% both co-expressed Sox2 and displayed radial morphology ( Overexpression of Pax6∆PD, however, had only a minor effect on cell composition in the INL, with 63 ± 7.8% of GFP + cells expressing syntaxin amacrine, 12.9 ± 5.6% expressing Vsx2, and 5.7 ± 1.4% expressing Sox2 (Fig. 4, Fig. S2 ). Thus, both Pax6 and Pax6(5a) misexpression in late RPCs results in the generation of amacrine-like cells at the expense of the bipolar and Müller glia cells. 
Pax6 and Pax6(5a) overexpression promotes the generation of non-glycinergic and non-GABAergic amacrine cells
Since full-length Pax6 and Pax6(5a) overexpression resulted in a marked increase in amacrine cells at the expense of other INL cell types, we next examined the amacrine subclasses that were generated following Pax6 or Pax6(5a) overexpression. In pCAG-GFP-electroporated retina, the proportion of GABA + was 3.6 ± 1.5%, GlyT was 25 ± 5.1% and Satb2 was 15.03 ± 8.3%. In contrast, in the pCAG-Pax6-GFP-electroporated retinas, we observed a near-complete loss of glycinergic (Fig. 4, Fig. S1 ) and GABAergic amacrine markers (0.5 ± 1.0%, Fig. 4, Fig. S1 ). In contrast, we observed a dramatic increase in the fraction of cells expressing the nGnG marker Satb2 (90.5 ± 4.1% of all GFP + cells in the INL, Fig. 4 ; S1) (Kay et al., 2011) . Thus, while full-length Pax6 overexpression promotes the generation of amacrine cells at the expense of other lateborn INL lineages, it also suppresses the differentiation of GABAergic and glycinergic amacrine cells, but not of the nGnG amacrine subtype. Overexpression of the Pax6(5a) isoform also led to increased generation of Satb2 + amacrine cells at the expense of the other amacrine cell types: 61.3 ± 8.2% Satb2 + , 0.7 ± 1.5% GlyT + , and 0.7 ± 1.7% GABA + (Fig. 4, Fig. S1 ). Thus, while Pax6 and Pax6(5a) overexpression promotes the generation of amacrine cells at the expense of other late-born INL lineages, both also suppress the differentiation of GABAergic and glycinergic amacrine cells. Interestingly, overexpression of Pax6∆PD gave rise to more glycinergic amacrine cells than in controls (37.0 ± 0.47% of all GFP + cells in the INL, P = 0.019, Fig. 4 ; S2,T).
Pax6 suppresses normal photoreceptor differentiation by inhibiting Crx
Overexpression of full-length Pax6 and Pax6(5a) in late RPCs only slightly decreased the overall number of GFP + cells in the ONL, but dramatically altered their morphology and location within the ONL relative to both controls and Pax6∆PD (Fig. 3) .
To quantify the distribution of GFP + cells within the ONL of Pax6/Pax6(5a)/Pax6∆PD-and control-electroporated retinas, we split the width of the ONL into inner ONL (IONL) and outer ONL (OONL) halves, and quantified the percentage of GFP + cells in these layers out of the total number of GFP + cells in the ONL (Fig. 5A ), as previously described (Rapicavoli et al., 2011) . While 63.0 ± 4.3% of photoreceptor cell bodies in controls were localized to the IONL and the remaining 37.1% to the OONL, only 17.8
±7.8% of cells overexpressing full-length Pax6 were located in the IONL (P = 0.00024).
Misexpression of Pax6(5a) led to a similar distribution: 79.1 ± 5.5% of ONL GFP + cells were located in the OONL (P = 0.00003), whereas Pax6∆PD misexpression did not alter cell body location within the ONL (Fig. 5A ).
Pax6 has been shown to suppress the expression of the cone/rod-specific homeobox TF Crx in early RPCs (Klimova and Kozmik, 2014; Oron-Karni et al., 2008) .
Crx knockout mice do not develop photoreceptor outer segments, and lack fully functional rod and cone activity as assayed by electroretinogram (ERG) (Chen et al., 1997; Furukawa et al., 1997) . We examined Crx expression in control and full-length Pax6/Pax6(5a)/Pax6∆PD-misexpressing retinas. Crx was detected in all photoreceptors, co-localizing with the GFP-expressing cells in control (Fig. 5B,F) and Pax6∆PD-overexpressing cells (Fig. 5E ), but not in photoreceptor cells overexpressing full-length Pax6 (Fig. 5C,I , I') or Pax6(5a) (Fig. 5D) . In addition to a change in localization of the photoreceptor cell bodies within the ONL, the outer segments of the photoreceptor overexpressing full-length Pax6 and Pax6(5a) were reduced or completely absent (Fig.   5C,D) . Outer segment photoreceptors overexpressing Pax6∆PD (Fig. 5E ) were similar in morphology to controls (Fig. 5B ).
To investigate changes in gene expression induced by full-length Pax6 misexpression, we examined the expression of recoverin and rhodopsin, which are two key genes in the rod-photoreceptor-specification pathway downstream of Crx (Chen et al., 1997; Furukawa et al., 1997) . Expression of both recoverin and rhodopsin was markedly downregulated compared to the control (Fig. 5G,H ) upon full-length Pax6 misexpression (Fig. 5J,J' ,K,K') and did not label with PNA (Fig. S4) , suggesting that they are neither rods nor cones. Considering all of the above, overexpression of Pax6 in late retinal progenitors prevents normal differentiation of photoreceptor precursors.
Crx downregulation alone may account for the observed photoreceptor phenotype following Pax6 misexpression. However, Pax6 may also prevent acquisition of the photoreceptor fate by a Crx-independent mechanism. To distinguish between these two possibilities, we conducted a rescue experiment in which Pax6 (pCAG-Pax6-GFP) was co-electroporated with Crx (pCAG-Crx-GFP) (Fig. 6 ). Co-expression of Crx and Pax6 was confirmed by immunohistochemistry (Fig. 6E) . 
Pax6 regulates the balance of late-born retinal cell types
The fate of a RPC that exits the cell cycle is dependent on the balance between the factors promoting and inhibiting that fate, as was elegantly demonstrated for the binary fate decision between rods and bipolar interneurons, where regulatory interactions of Blimp1, RORb and Otx2 define the correct ratio of rods and bipolar cells (Wang et al., 2014) . Postmitotic rod, bipolar, and Müller glial precursor cells do not express Pax6, and it is therefore likely that the fourfold reduction in bipolar cells, and the corresponding increase in the number of rods, Müller glia and amacrine cells, result from disrupted Pax6 action in late-stage RPCs. RPC-specific expression of Vsx2, which is essential for both RPC proliferation and generation of bipolar cells (Elshatory et al., 2007; Green et al., 2003) , is dependent on Pax6 (Farhy et al., 2013) . Pax6 may thus act in late-stage RPCs to sustain expression of Vsx2, and render these cells competent to generate bipolar cells.
However, overexpression of full-length Pax6 and Pax6(5a) potentially inhibits bipolar cell generation, implying that elevated levels may drive expression of other transcription factors that promote amacrine specification while simultaneously repressing bipolar cell formation.
14 Together with our finding that both overexpression and loss of function of Pax6 lead to an increased number syntaxin-positive amacrine cells, these results imply that both upregulation and downregulation of Pax6 activity can produce similar developmental phenotypes. Interestingly, a similar phenotype has been observed following both knockdown and overexpression of the homeodomain transcription factor Six3 in postnatal retina, where both decreasing and increasing Six3 expression suppresses bipolar cell formation (Rapicavoli, et al. 2011) . Tight control of expression and/or activity levels of RPC-expressed TFs may thus be critically important for generation of retinal cell types in normal physiological ratios.
In mice, the role of Pax6 in photoreceptor development is complex, and heavily misexpression did not cause any detectable change in the photoreceptor layer compared to control electroporation (Fig. 5) . This suggests that an intact paired domain is required for the ability of Pax6 to suppress photoreceptor differentiation. In addition, these disruptions in photoreceptor differentiation phenocopy the effects of overexpression of the transcription factor Six3, which is expressed selectively in RPCs and amacrine cells (Rapicavoli, et al. 2011 ). This suggests that direct suppression of photoreceptor differentiation may be a more general property of RPC-expressed TFs whose expression is sustained in inner retinal cell types.
Pax6's roles in the regulation of the proliferation and survival of neural progenitors, including RPCs, is complex and context dependent (reviewed in (Manuel et al., 2015) ).
The early inactivation of Pax6 disrupted the proliferation of the RPCs more severely in the distal than in the central retina (Oron-Karni et al., 2008) , whereas the mutant postmitotic precursors maintain the expression of Ccnd1 and Ccnd2 (Farhy et al., 2013) .
Recent studies suggest that several subpopulations of RPCs are biased towards producing specific cell types at higher ratios than other RPCs (Wang et al., 2014) . It is possible that altering the Pax6 levels will have different effects on the proliferation of different RPC subpopulations, leading to alterations in the cell-type proportions of the retina. Pax6 was also shown to be involved in regulating the survival of neurons and neuronal progenitors, since overexpression of Pax6 in the developing cortex promoted the apoptosis of specific cortical progenitor populations but not others (Berger et al., 2007) , whereas Pax6 inactivation in dopaminergic neurons of the olfactory bulb also led to their apoptosis (Ninkovic et al., 2010) . Our initial analysis did not reveal an increase in the number of cleaved caspase 3 positive cells in our gain-or loss-of-function models at P5 (data not shown); however, this does not exclude the effects on specific lineages or at other stages.
Further studies, employing lineage-specific Cre lines, should be conducted in order to determine how Pax6 levels impact the survival, proliferation, and differentiation of the specific retinal lineages and eventually, the cell-type composition of the retina.
Roles of Pax6 in the generation of amacrine cells
The gene-regulatory network controlling amacrine cell specification and differentiation is partially understood. Foxn4 acts in early-stage RPCs in conjunction with
Rorb to activate expression of Ptf1a, which functions upstream of Tfap2a/b to drive amacrine cell specification (Jin et al., 2015; Liu et al., 2013) . Downstream of these events, other factors act to control the specification of amacrine cell subtype. In previous work, the TF Barhl2 was identified as a key regulator that confers the identity of glycinergic amacrine cells. Barhl2 was expressed in all syntaxin + amacrine cells, yet its forced expression in late-stage RPCs specifically promoted the differentiation of glycinergic amacrine cells, whereas a dominant-negative form of Barhl2 had the opposite effect (Ding et al., 2009; Mo et al., 2004) . We did not detect a marked loss of Barhl2 + in
Pax6-deficient cells (data not shown), suggesting that Pax6 functions in parallel to Barhl2 in conferring a glycinergic fate.
Consistent with our findings that Pax6 is necessary for the generation of late-born glycinergic amacrine cells, overexpression of full-length Pax6 led to almost exclusive generation of cells that exhibited many amacrine features, including interneuron morphology, localization in the inner INL, synaptic arbors into the inner plexiform layer, and expression of syntaxin (Fig. S2) . However, virtually all of these cells expressed Satb2, a TF that is specific to nGnG amacrine cells, and did not express either GABA or the synaptic glycine transporter (Fig. 4, Fig. S2 ). In the normal retina, nGnG amacrine cells are a subpopulation with unknown function, and comprise 15% of total amacrine cells (Kay et al., 2011) . These narrow-field nGnG amacrines have dendrites confined to sublaminae S1 to S3 of the inner plexiform layer (Kay et al., 2011) . Similarly, the amacrine cells that are generated following Pax6 overexpression project prominently in sublaminae S1 and S3, but not between them. However, they seem to be wide-field rather than narrow-field (Fig. 3G) . This is similar to the phenotype seen following overexpression of NeuroD class bHLH factors in postnatal retina (Cherry et al., 2011) , (glial markers). It is worth noting that they did not test syntaxin, GABA or GlyT expression, and nGnG had not yet been identified (Hatakeyama et al., 2001 ).
Furthermore, misexpression of Pax6 in combination with the bHLH factor NeuroD4 led to increased generation of both amacrines (calbindin + , syntaxin + ) and horizontal cells (calbindin + ), and co-expression of NeuroD1 and Pax6 increased amacrine cell generation, suggesting that combinatorial interactions among individual bHLH and homeobox genes are important for retinal cell-type specification (Inoue et al., 2002) . While those studies reported no generation of syntaxin + amacrine cells upon Pax6 misexpression alone, in our experimental model, most of the electroporated cells in the INL were syntaxin + as well as Satb2 + . This might be due to differences in context, timing or gene dosage, with viral transduction of E17.5 retinal explants used in those earlier studies (Hatakeyama et al., 2001; Inoue et al., 2002) , in contrast to in-vivo electroporation of the plasmid vector in P0 retina in the current study, which targets progenitors and possibly also post-mitotic precursors. Moreover, at E17.5, expression of NeuroD1 and NeuroD4 are lower than at P0 (Blackshaw et al., 2004; Morrow et al., 1999) . Little is known about the direct transcriptional targets and biochemical partners of Pax6 in RPCs at either E17.5 or P0.5, owing to the cellular heterogeneity of the retinal cells that express Pax6 at both stages.
Biochemical analysis of isolated RPCs from different stages of retinal development, in combination with genetic studies employing RPC-specific conditional Cre lines will ultimately enable a detailed mechanistic analysis of how Pax6 function is regulated during the course of retinogenesis.
Alternative splicing isoforms of Pax6 and their functions in late retinogenesis
The DNA binding specificity of Pax6 is mediated by the combinatory activity of several DNA binding domains (Jun and Desplan, 1996) . In the developing cortex the PD seems to be necessary and sufficient for different aspects of telencephalic development, whereas mutations in the HD only seem to have minor effects (Haubst et al., 2004) .
Similarly, in the late stages of retinogenesis the misexpression of PD resulted in the reduction of bipolar cells and Muller glia as well as the abnormal differentiation of photoreceptors and amacrines, whereas the misexpression of Pax6∆PD seemed to increase the number of Glycinergic interneurons but did not abrogate the differentiation of the late-born cell types.
The PD itself has two DNA binding domains: the PAI and RED subdomains, which can function either together or independently. The two variants, Pax6(5a) and Pax6, differ in their binding specificity due to alternative splicing, leading to the insertion of 14 amino acids into the PAI subdomain (Czerny et al., 1993; Duncan et al., 1998; Epstein et al., 1994) . Previous studies showed that Pax6 and Pax6(5a) share some of their functions, whereas other functions differ (Azuma et al., 2005; Haubst et al., 2004; Walcher et al., 2013) . Our finding that the misexpression of Pax6 and Pax65a in late RPCS gave rise to a seemingly similar phenotype of an elevated number of abnormal, amacrine-like cells and altered the differentiation of photoreceptors points to shared targets for the two variants. It is also important to consider that the Pax6 gene is auto regulated. Specifically, Pax6(5a) was shown to activate Pax6 (Pinson et al., 2006) . Thus, the misexpression of one variant may alter the expression and endogenous Pax6 variants, which eventually will result in a similar outcome. Future studies, using single-cell (Table 1) . Almost all amacrine cells generated upon Pax6 and Pax6(5a) overexpression became nGnG amacrines. Overexpression of Pax6∆PD led to a slight elevation in the generation of glycinergic amacrines compared to controls but did not induce nGnGs. immunostaining with GFP and cell-type-specific markers of electroporated retinas: syntaxin for amacrine interneurons (A-D), Vsx2 for bipolar interneurons (E-H), Sox2 for Müller glia (I-L), GABA for GABAergic amacrines (M-P), glycine transporter 1 (GlyT) for glycinergic amacrines (Q-T), Satb2 for the nGnG amacrines (U-X). Arrowheads point to co-localized cells. Immunostaining shows elevation in syntaxin and Satb2 and reduction in all other markers in pCAG-Pax6-GFP and pCAG-Pax6(5a)-GFP compared to the pCAG-GFP control and pCAG-Pax6∆PD-GFP retinas. Quantification is shown in Figure 4 . The scale bar = 25 μm.
Fig. S3. Changes in the number of Ccnd3
+ Müller glia upon Pax6 overexpression. Double-immunostaining with GFP and Ccnd3 of retinae electroporated with pCAG-GFP (A-D) and pCAG-Pax6-GFP (E-H). The green (GFP, A, E), red (Ccnd3, B, F), blue (DAPI, C, G) channels are shown. The number of cells positive for both Ccnd3 and GFP was quantified (I).The number of GFP + cells co-expressing Ccnd3 was significantly higher in the retians electroporated with the pCAG-GFP control plasmid than in the retinas that were electroporated with pCAG-Pax6-GFP plasmid (P=0.03, N=3 for both genotypes). Scale bar = 20 μm. 
